Direct photon production in heavy-ion collisions provides a valuable set of observables to study the hot QCD medium. The direct photons are produced at different stages of the collision and escape the medium unaffected. In heavy-ion collisions, the direct photon yield at high transverse momentum (p T > 5 GeV/c) is dominated by prompt photons produced in hard scattering of incoming partons and provides information on nuclear parton distribution functions and on the initial parton dynamics. The low momentum component (p T 5 GeV/c) of the direct photon production is dominated by thermal radiation by the hot and dense matter created, carrying information on its space-time evolution, collective flow and temperature.
Introduction
The production of direct photons, defined as photons not originating from hadron decays, in pp collisions, allows a test of perturbative QCD (pQCD) predictions [1] and constrains the proton parton distribution functions (PDF) [2] . At high p T and Leading Order (LO) pQCD, the following processes contribute to the direct photon production: the quark-gluon Compton scattering, which is dominant and allows probing the gluon PDF, the quark-antiquark annihilation, and the fragmentation of a final state parton into a photon. In this latter process the connection with hard scattering dynamic is partly lost, but isolation techniques helps in reducing such contribution [2] . In nucleus-nucleus collisions direct photons are produced at all stages of the collision: by the initial hard processes described before, but also by the thermal radiation of the deconfined quark-gluon matter as well as hadronic matter created in the collision. The thermal photons, typically emitted with low transverse momentum (p T 5 GeV/c) carry information on the temperature, collective flow, and space-time evolution of the hot medium [3] .
Direct photons at low and intermediate p T in pp and Pb-Pb collisions: R γ
In the analysis presented here, the inclusive yield of photons is measured via two independent methods: with the PHOton Spectrometer (PHOS), a highly segmented electromagnetic calorimeter, and via Photon Conversion Method (PCM) by reconstructing secondary vertices of the e + e − pairs from photons converted in the inner material of ALICE. The details of this measurement have been published in [4] . The PHOS calorimeter measures the electromagnetic shower left by photons via the scintillation light generated in the segmented (2×2 cm 2 ) PbWO 4 crystals. Its coverage is 260 o < ϕ < 320 o and |Δη| < 0.13 [5] . The photons are selected using a combination of cuts on energy, size and dispersion of the shower. In the PCM analysis, the large acceptance (2π in ϕ, |Δη| < 0.9) of the central barrel detectors, the Inner Tracking System (ITS) and the Time Projection Chamber (TPC), allows a compensation of the low conversion probability of 8.5%. The photon sample is then obtained by applying dedicated cuts on the decay topology and on electron track properties. The Pb-Pb analysis at √ s NN = 2.76 TeV is performed in three centrality bins (0-20%, 20-40%
and 40-80%). The direct photon signal is obtained statistically by subtracting from the inclusive photon yield the decay photon component by using the double ratio R γ method [6] . The decay photon component is dominated by π 0 and η and is derived from the measured π 0 spectrum using m T scaling for η, η , ω, φ and ρ 0 . Finally the direct yield is obtained from the the inclusive spectra (where π 0 param is the parametrisation of the measured π 0 spectrum) reduces the systematic uncertainties, since the measured π 0 and γ incl spectrum share some of the systematic errors. The results for R γ obtained in pp at 7 TeV at low p T were compatible with unity, indicating no direct photon excess [7] whereas the values in Pb-Pb collisions at √ s NN = 2.76 TeV are presented in Fig. 1 [4] . The measurements are also compared to prompt photon expectations calculated with next-to-leading-order (NLO) pQCD calculations [8, 9, 10] . In all centrality classes R γ agrees with the calculations above p T 5 GeV/c. For the most central collisions, an excess in data below p T 2 GeV/c is observed which indicates an additional source of direct photons in central collisions. The direct photon spectrum for the most central (0-20%) Pb-Pb collisions is presented in Fig. 2 and compared to the results obtained at RHIC [11] . An exponential fit is shown for both spectra at low p T (1 < p T < 2 GeV/c) which enables to extract the slope parameters. The value obtained by ALICE in central collisions for the slope parameter is T eff = 304 ±11 stat ±40 syst MeV, higher than in PHENIX. The relation between the inverse slope parameter and the initial temperature is not direct due to contribution of blueshifted photons from the late stages of the collision but this results is consistent with a larger initial temperature of the medium for higher collision energy and/or with a higher boost velocity at the LHC.
Direct photons at high p T in pp collisions: Isolation technique
The analysis of direct photons at high p T has been performed on pp collisions at √ s = 7 TeV, using data collected in 2011. In this analysis, the photons are measured in the ALICE Electromagnetic Calorimeter (EMCal). The EMCal [12] is a lead-scintillator sampling calorimeter consisting of cells of Δη × Δϕ = 0.0143 × 0.0143 size with a coverage of 1.4 < ϕ < π, |Δη| ≤ 0.7. In order to collect a high-p T sample we took data with the L0-EMCal trigger based on the analog charge sum of 2× 2 cells, in correlation with the Minimum Bias (MB) trigger signal in the two V0 detectors placed at large rapidities (2.8 < η <5.1,−3.7 < η < −1.7). The clusters in EMCal are reconstructed by aggregating cells with energy deposit E cell ≥ 100 MeV to a leading cell with at least E seed ≥ 300 MeV. The rejection of clusters from charged particles is based on proximity cuts between charged tracks, measured in the central detectors extrapolated to the EMCAL surface, and EMCAL clusters. The main source of background of direct photons consists of neutral mesons 2-γ decays especially from π o . The showers from the two decay photons merge in one single cluster in the range 10 < p T < 60 GeV/c, resulting in elongated clusters. The elongation of clusters can be measured with the largest eigenvalue of the cluster's energy decomposition in the EMCal η − ϕ plane σ 2 long , σ
ηϕ where the dispersions σ 2 i j are computed with a logarithmic weight [13] . The photon selection is based on a cut on the cluster elongation σ 2 long . In order also to decrease the contamination of photons produced in fragmentation processes (including decay photons), we use isolation techniques [2] . The isolation method relies on the measurement of the total energy E ISO T in a cone of radius R = Δϕ 2 + Δη 2 = 0.4 around the photon candidate, including both the charged contribution, from tracks reconstructed by the ALICE central barrel and the electromagnetic contribution, from EMCal neutral clusters. The isolation criterion is then E ISO T < 2 GeV/c. An additional cut in photon candidate acceptance is applied to impose the isolation cone to be contained in EMCAL acceptance, reducing the measurement to 1.8 < ϕ < 2.7, |Δη| ≤ 0.27. A non negligible residual contamination of background candidates is expected in the isolated photon sample. Its estimation is performed through a double sideband counting method in the E ISO T , σ 2 long plane. The method assumes that the E ISO T is independent of the shower elongation in the background region and the signal contamination is small in the background regions. These hypotheses have been studied in Monte Carlo samples of signal and background and a correction has been extracted to take into account the effect of the E ISO T -σ 2 long correlation and of leakage of signal in background region. This leads to a purity of the isolated photon sample going from 28% to 80% with increasing energy. The isolated photon spectrum is then corrected by the reconstruction and identification and isolation efficiency. Finally the differential cross section is obtained by scaling the isolated photon spectrum by the trigger efficiency and the MB trigger cross section measured in ALICE [14] .
The systematic uncertainties on the measurement are estimated by varying the different cuts used in the analysis. The overall systematic uncertainty was found to be between 13 and 20%, the main source being the discrepancy between the modeling of the shower shape in simulations compared to the data. Further investigations on this discrepancy are ongoing in order to reduce its contribution to the systematic uncertainty on the contamination. The isolated photon cross section is shown on Fig. 3 . The ALICE measurement allows reaching lower E T than the previous LHC measurements by ATLAS (E T >15 GeV) [16] and CMS (E T >30 GeV) [17] . The results are also compared to the JETPHOX predictions [15] in Fig.  3 and Fig. 4 , which indicates a good agreement with NLO pQCD predictions over the whole E T range. 
Summary
The measurement of direct photons in ALICE in pp and Pb-Pb collisions is presented. At low p T the measurement is performed via statistical method using two different analyses, in the calorimeter (PHOS) and in the central barrel with Photon Conversion Method. The measurement in Pb-Pb in three centrality classes shows a clear direct photon signal in the double ratio (R γ ) and an excess with respect to NLO prediction is found in the most central collisions. The effective temperature of the medium is estimated to T eff = 304 ±11 stat ± 40 syst MeV from a fit of the direct photon spectrum [4] . In pp collisions, at low p T no excess was found. At high p T , the direct isolated photon cross section is measured by using the the EMCal calorimeter. The results allow the extension the measurement to lower p T compared to the other LHC experiments. The results agree with NLO calculation for the whole measured p T range.
